Chro matographi c paper, sa turated with ammonia, is used to extract the res idual thiosulfate fr om the gelatin layer of processed film. Th e paper is trea ted in a silver nitrate solution and fix ed in an ammonia·sodium chloride solution. Thiosulfat e, if present, forms sil ver sulfid e and the thi osulfate is determin ed by measuring the tran&mission density of the paper darkened by sil ver sulfid e. The paper extraction method is simple, rapid, r equires on ly a densitometer as special equ i pment, and is very sensitive especially when th e tran smi ssion dens ity is measured for two layers of the p' aper. No filters are required. The test read ily reveals th e un eve n distribution of residual thiosulfate on the film. By selective removal of th iosulfa te from the image silver by ammonia a nd potassium bromide soluti ons, it was shown that a small amount of thiosu lfate was absorbed on the im age silver i mmediately af ter processing.
Introduction
Residual thiosulfate is readily determined in processed photographic papers by measurin g the transmission density of the silver sulfide form ed in situ by the reaction of the silver ion with the residual thiosulfate [lJ.2 However, the transmission density of the silver sulfide in the gelatin layer of film is much lower for correspondin g thiosulfa te concentration s, making it diffi cult to use the density of the silver sulfide as a measure of residual thiosulfate concentration in film [2, 3] .
It has been found that chromatographic paper wetted with an ammonia solution will absorb the residual thiosulfate from the gelatin layer of the film. Su ch paper was treated in silver nitrate solution formin g silver s ulfid e in situ and the excess silver ion was removed by treatin g the paper in an ammonia solution. The transm ission density of the silver sulfide was large enough to determine thiosulfate concentrations as low as 0.15 fLg / cm 2 . The film was not destroyed in the test.
Experimental Procedure
Whatman No. 3 MM chromatographic paper3 was selected for this study. The paper, which was 0.03 em thick, withstood the treatm en ts in th e solutions and drying without distortion. A 2-percent ammonia solution was found to be very efficient in extracting the residual thiosulfate from the gelatin. The ammonia solution should either be used in a hood or covered during the test.
A strip of film 10 to 12 cm long and 1.6 to 2 em wide was taped, emulsion side up, at the two ends to blotter 1 Retired. Pr ese nt address: 2911 Dawson Ave., Silve r Spr in g, Md. 20902. 2 Figures in brackets indicate th e literature refere nces at the e nd of t h is paper. 3 Commercia l mater ials a nd equipment a re identified in th is paper in order to spec ify th e experimen ta l procedure ade (luately . Suc h identification does not imply recommendation nor endorsemen t by tllC National Bureau of Standards.
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paper restin g on a level glass plate. The chromatographic paper, cut the width of th e film sample and of a length to fit between the tape strips at the ends of the film , was soaked 3 min in about 100 ml of a 2-percent ammonia solution. Then the paper was grasped with tweezer s a t one end , drained brieAy, and the oth er end brought in co ntact with th e film , allowi ng the paper sample to roll dow n onto the film to prevent air bell s. The paper was rubbed once gently with the back of th e tweezers. The blotter paper absorbed an y excess ammonia solution at the edges of the fi lm. After 5 min the paper was removed and bathed 4 min in 100 ml of a solution containing 10 g of silver nitrate and 30 ml of glacial acetic acid per liter. A co ntrol strip was made by treatin g a sample of the chromatographic paper in the 2-percent ammonia solution 3 min before th e test sampl e was removed from the film and the two paper samples were processed together. Nex t, th e papers were placed in crystallizing dishes and treated 3 min in each of two solutions con tainin g about 100 ml of 5-percent ammonia solution and 1 g of so dium chloride per liter, to remove the excess silver ion. The solutions were stirred during treatments. Then the papers were r emoved from the ammonia solution with tweezers and placed on blotting paper but not blotted. The paper was turned over three or four times durin g a 10-min period and allowed to dry in the room atmosphere. The transmission density was measured for the control and test papers. The effective optical density of the silver sulfide was determined by subtracting the density of the control paper from that of the test paper. The corresponding residual thiosulfate concentration of the film was determined from a calibration curve.
It was found that 3 to 5 percent ammon ia solutions containing 1 to 5 g of sodium chloride per liter may be used to fix the paper samples. The sodium chloride stabilized any trace of ammonia·silver complex left in the paper.
The chromatographic paper was sufficiently uniform in density that only an occasional control run would be necessary in routine testing.
A pink dye was absorbed by the paper from some films during the extraction operation. The dye was bleached out by exposing the dried paper sample for 1 h to a 20·W, 20·in daylight fluorescent lamp at a distance of 1 in.
The transmission density measurements reported in this paper were made with an Ansco·Sweet Densitometer, Model 11. In this paper, the concentration of residual thiosulfate is given as micrograms per square centimeter. In most of the literature, the concentration is reported in milligrams or micrograms per square inch. One microgram per square inch is equivalent to 0.155 fJ-g / cm 2 •
Evaluation of the Paper Extraction Method
In evaluating the paper extraction method for the determination of residual thiosulfate in processed film, six microfilms, two motion picture film s, two x·ray films , one aerial film , one print film , and one professional film were tested. The films were made by five manufacturers. The unexposed film samples were treated 4 min in a solution containing 90 g sodium sulfite, 52 g sodium carbonate monohydrate, and 5 g of potassium bromide per liter. This solution is typical of developers but without a developing agent. The developing agent was eliminated to avoid any reduction of silver in the gelatin layer. Then the film samples were fixed in an acid hardening bath and washed in chlorine-free tap water as described in a previous publication [4] . The excess water was removed from the film samples with wiping tissue. The washing time controlled the residual thiosulfate concentration in the films.
For comparison, the residual thiosulfate concentrations in the processed film samples were determined by the paper extraction method and the modified Crabtree-Ross method [5] . Samples for the two methods were taken adjacent to each other on the film. The thiosulfate concentrations ranged from 0.15 to 16 fJ-g / cm 3 of sodium thiosulfate. The two methods were in general agreement. However, the paper extraction method revealed the fact that the residual thiosulfate is not always evenly distributed in the gelatin layer, there being higher and lower values for residual thiosulfate concentration than the average value found by liquid extraction using the modified Crabtree·Ross method.
Tests were made to determine if any thiosulfate remained in the gelatin layer of the film after the first extraction. A second extraction was made with the paper extraction method immediately after the first extraction. The effective optical density of the silver sulfide was determined for two layers of the test paper and the residual thiosulfate concentration was read from the calibration curve shown in the next section. The results are tabulated in table 1. For 11 films, no thiosulfate remained where there had been a low original thiosulfate concentration and only a negligible amount remained where it had been high. Two films with a thick layer of gelatin retained about 5 percent in the low thiosulfate concentrations and 20 10 percent in the high. A third extraction detected no thiosulfate. The presence of thiosulfate in the gelatin layer after the first, second, or third extractions was also determined by processing the film, after extraction, by the procedure used by Crabtree, Eaton, and Muehler [1] for determining the thiosulfate in photographic papers. Using this method, one can detect 0.08 fJ-g/ cm 2 of thiosulfate as silver sulfide by measuring the density of two layers of film with a Kodak 18A filter. No thiosulfate was detected in the film with low original concentrations and the amount found where concentrations had been higher correlated with that found in the second paper extraction. The effect of a high concentration of silver in the fixing bath on the paper extraction of thiosulfate was investigated. Film was fixed in a fixing bath containing 4 g of silver per liter, the silver being added as silver bromide. The silver thiosulfate complex left in the film did not affect the extraction of the thiosulfate.
Tests were made to determine if any residual developing agents remained in processed film as these would form reduced silver in the test paper in the silver nitrate solution. Unexposed samples of microfilm, motion picture film, and x-ray film were normally processed and washed free of thiosulfate. The samples were treated in a bath containing 10 g sodium sulfite, 5 g boric acid, 10 g potassium aluminum sulfate, 10 ml glacial acetic acid, 0.05 g metol, and 1 g h yd roquinone per liter and washed 30 s in running t:>p " ater. The above bath contained chemical compounds found in a used fixin g bath in addition to thiosulfate. When the paper extraction test was applied, there was no reduction of silver in the paper. The developing agents were rapidly removed from the films and therefore would not interfere with the paper extraction method.
Paper extraction does not remove all of the thiosulfate from areas on the film containing a large amount of image silver. One microfilm was flashed and developed to a density of 4.8 and washed 30 min. The paper extraction method detected no thiosulfate in either the imagefree area or the image area, whereas the modified Crabtree-Ross method gave negative results for the clear area but 1.2 fJ-g/ cm 2 of thiosulfate in the image area. A sample of the high. density area was treated 15 min in a 5.percent potassium bromide solution, washed, and bleached with an untreated sample in a dichromate solu· tion. The effective densities of the remaining silver sulfide measured for two layers with a Kodak 94, fi Iter were 0.78 for the un trea ted sample and 0.72 for the one trea ted in potassium bromide solution. The silver sulfide density of 0.72 correspo nd s to the silver sulfide formed in the im age during fixation and the difference of 0.06 den sity cor· responds to thios ulfate absorbed on the image silver. These tests, made immediately after the film was wash ed, showed the abso rbed thiosulfate was not removed by ammonia but was by potassium bromide. Th e amount of thiosulfate absorbed is very small. The above results indica te that the paper extraction method should be applied to an image-free area of the film or one not having more than 0.1 density of silver. The absorbed thiosulfate is unstable and reacts rapidly at high relative humidity with the silver in the image to form silver sulfide.
Calibration Curve
A calibration curve was prepared usin g the Whatman 3 MM chromatographic paper. A sample of the paper, cut 10 by 20 cm , was trea ted 5 min , with agitation, in two liters of a sodium thiosulfate soluti on in a photographic tray. Solutions containing 0.050, 0.065, 0.075, 0.10, 0.15, 0.2, 0.3, 0.4, and 0.8 g of Na2S203 · 5H20 per liter were used. The paper sample was removed from th e thiosulfate solution and blotted immediately between clean photographic blotters with pressure, blotted a second time between clean blotters, and allowed to dry flat on clean blotters, turning th e sample over every 3 or 4, min for the first 30 min to ob tain a more even distribution of the sodium thiosulfate in the paper.
The dried paper sample was cut into two parts, 5 by 10 cm, and one part was trea ted, together with a control sample of the chromatographic paper containing no thiosulfate, 4 min in a 400-ml solution containing 10 g of silver nitrate and 30 ml of glacial acetic acid; fixed 3 min in each of two 400-ml solutions containing 3-percent ammonia and 5 g of sodium chloride per liter ; and dried flat on blotter paper. The transmission densities of the paper sample containing silver sulfide and the paper control were measured. The density of the silver sulfide was obtained by subtracting the density of the control from that of the paper sample containing the silver sulfide. A single layer of the chromatographic paper had a density of 1.19 ± 0.01, two layers had 1.47 --1-0.01 with an occasional deviation of 0_02_ Treatment in the processing solutions did not change the density.
Four 2 1 h-cm squares were cut from the second part of the sample mentioned above, adjacent to the first part and about 5 cm from th e ends, and th e residu al thiosulfate was determined by the modified Crab tree-Ross test method [5J. In this test method 5 ml of as-percent solution of mercuric chloride was added, with rapid stirring, to a vial containing 5 ml of a 5-percent solution of potassium bromide and 100 ",g of gelatin. The thiosulfate reacted with the mercuric chloride to form a turbidity which was determined with a nephelometer. The thiosulfate concentration was determined from a calibration curve. Four squares were used in the test for sodium 21 thiosulfate concentrations up to 2.5, 2 squares for 5, and 1 square for 10 ",g/ cm 2 _ The 5-percent solutions of potassium bromide and mercuric chloride were added from burets. The sampl es of paper were treated 5 min in a 50-mI· beaker with 5 ml of the potassium bromide solution , while agitatin g with a thin glass rod, and were transferred to a 10-ml g raduate. The samples were treated a secon d time with S ml of the potassium bromide solution to remove any trace of thiosulfate remaining in the paper and the solution transferred to the same graduate. After the paper samples were removed fro m the beaker the volume of so lution in the 10-ml graduate was made up to 10 ml with the S-percen t po tassium bromide solution to replace the solution absorbed by the paper and th e 10-ml solution was transferred to the beaker in which th e extraction was made. Four drops of a 0.1 percent gelatin solu· tion and then 10 ml of the mercuric chloride solution were added to the beaker with rapid stirrin g. Ten ml of the solution in the beaker were transferred to a vial and allowed to stand 30 min and the turbidity was determined with a Coleman No . 9 nephelometer. The vial was handled gently to avoid stirring up a few fibers of the paper that had settled to the bottom. The concentration of the sodium thiosulfate was determined from a calibrated curve for kn own concentrations of sod ium thiosulfate in the potas· sium bromide-mercuric chloride solution. This value was .8 0 multiplied by 2 and divided by the area in square centimeters tested to obtain the concentration of the sodium thiosulfate in micrograms per square centimeter in the paper. The transmission densities of the silver sulfide for one layer and two layers of the paper were plotted against the corresponding sodium thiosulfate concentrations to obtain the calibration curves shown in figure 1 for the Whatman No.3 MM chromatographic paper only. Calibration curves must be prepared for each type of paper used in extracting the thiosulfate from the gelatin layer of film. The calibration procedure is very simple if a nephelometer is availabl.:: for measuring turbidity.
Summary
The new paper extraction method is simple, rapid, and requires no light filters. Only a densitometer is needed as special equipment. The method is nondestructive as tests may be made on roll or sheet film which, after drying, may be returned to storage. The residual thiosulfate may be extracted in the field and the paper may be forwarded for final processing to a laboratory which has a calibration curve for the type of paper used in the extraction. The test should be made in an image-free area of the film or one not having a density greater than 0.1. The test is quite sensitive, especially if the silver sulfide of two layers of the paper is measured. The test demonstrated that the residual thiosulfate is not always evenly distributed in the gelatin layer. Residual sodium thiosulfate as low as 0.15 p.g/ cm 2 can be detected if the density of the silver sulfide for two layers of paper is measured. This concentration is visually discernible for one layer viewed with a control. For this reason the paper extraction test is an excellent qualitative test for the detection of residual thiosulfate in processed film. The test method will deter· mine trithionate and tetrathionate as thiosulfate. This is advantageous since these compounds also react with the image silver to form silver sulfide.
